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(54) COATED HARD MEMBER 
(57) Abstract: 

PURPOSE: To increase the adhesion of a film and to improve wear resistance and 
breaking resistance by specifying the X-ray diffraction pattern of a film, in 
the member prepared by coating the surface of a base material with carbides, 
etc.. of Ti and other specific elements by PVD method, etc. 

CONSTITUTION: This coated hard member can be produced by coating the surface of 
a base material with the carbides, nitrides, and carboni tr ides of binary system 
or ternary system selected from Ti, group IVa metals other than Ti, group Va 
metals, group Via metals, and A! by. PVD or CVD method.. Further, when the peak 
intensity in (200) plane in the X-ray diffraction pattern of the film is 1(200) 
and also the peak intensity in (111) plane is 1(111). la value represented by 
equation la=l (200)/l (1 1 1) is >1.5. The la value can be regulated by the bias 
voltage value, and, at medium voltage (50-100V), residual stress is decreased 
because of proper ion bombardment and adhesion is increased. When la value 
exceeds 1.5, the critical load value by a scratch testing machine is increased 
and adhesion is improved. 
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English Translation of 
Japanese Patent Laying-Open No. 8-209335 

[Title of the Invention] Coated Hard Member 
[Claims for Patent] 

1. A coated hard member prepared by coating a surface of a base 
material with a carbide, a nitride or a carbonitride of binary system or 
ternary system selected &om Ti, 4a, 5a and 6a group elements of the 
periodic table other than Ti and Al by PVD or CVD method, characterized 
in that la value represented bv the foUpwine equation is at least 1.5, where 
1(200) and 1(1 1 1) represent peak intensity of (200) plane and peak intensity 
of 1(111) plane, of the X-ray difi&action pattern of the coating film: 

Ia = I(200)/I(lll) 

2. The coated hard member according to claim 1, comprising a 
multilayer of two or more layers including said coating layer and a layer 
selected from a carbide, a nitride and a carbonitride of AlN and 4a, 5a and 
6a group elements of the periodic table. 

[Detailed Description of the Invention] 
[Industrial Field of Application] 

The present invention relates to a coated hard member used as a 
cutting tool and a wear resistant tool having superior wear resistance and 
superior chipping resistance. 

[Prior Art] 

In order to improve wear resistance £uid chipping resistance of 
cutting tools and wear resistant tools, a coated hard member prepared by 
utilizing a hard film of a carbide* nitride or carbonitride of Ti, Zr or the like 
formed by physical vapor deposition (hereinafter referred to as PVD) or 
chenodcal vapor deposition (hereinafter referred to as CVD) has been widely 
used. Particularly, the coated hard member prepared by the PVD is 
advantageous, as the film formation temperature is as low as 500*^0 or 
lower, hardly causing reaction between the coating and the base material, 
and thus making it possible to make use of the strength of the base 
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material. Accordingly^ said coated hard member comes to be widely used 
fox thiowaway tips for milling, end mills and so on. 

Recently, however, cutting of very hard materials has been 
increasingly demanded, and speed of cutting has been increased. The 
carbide, nitride and nitrided carbide of Ti, Zr or the like mentioned above 
have insufficient heat resistance. Therefore, when the cutting edge is 
heated to a high temperature, the coating deteriorates, resulting in short 
cutting life. Thus, a (Ti« Al) N film having superior oxidation resistance 
has been attracting attention and developments thereof have been made. 
This film has higher heat resistance than the hard films mentioned above, 
exhibiting superior performance in the field cf high speed cutting in which 
the cutting edge is heated to a high temperatxire, and, in addition, this film 
has Vickers hardness as high as 2300 to 3000, exhibiting superior wear 
resistance. Further, Japanese Patent PubUcation No. 5-57705 proposes an 
improvement in which the ratio of Ti/Al is limited, and a patent (United 
States Patent 4871434) proposes a coating of higher dimension such as Ti, 
Al, Zr) N and (Ti, Al. V) N. 

Further, when a carbide or nitride of Ti, Zr or the like is formed on a 
base by the PVD or CVD, it is possible to obtain a coating oriented to a 
specific plane, dependent on the property of the crystal on the base surface 
and gas atmosphere and conditions in the film forming apparatus. 
Japanese Patent Laying-Open No, 56-156767 discloses a coated hard aUoy, 
in which crystal property of the coating consisting of carbide, nitride or 
carbonitride of Ti, Zr or Hf coated on a base surface of cemented carbide or 
Cermet has strong orientation to the (200) plane. By controlling the 
crystal orientation of the coating formed in this manner, the film 
characteristic can be improved, and the coated hard alloy comes to have 
improved wear resistance and chipping resistance. 

(Problems to be Solved by the Invention] 

In said (Ti, Al) N film, the coating characteristic depends on the ratio 
of Ti/Al, and therefore it is diJB&cult to provide a film having high hardness. 
Further, there has been no study on the crystal orientation of the coating, 
and there is a problem in adhesion between the coating and the base. The 
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present invention was made to solve the above described problem, and its 
object is to provide a coated hard member having superior wear resistance 
and superior chipping resistance, by improving adhesion through 
optimization of crystal orientation of the coating, when a carbide, a nitride 
or a carbonitride of binary system or ternary system selected from Ti, 4a, 5a 
and 6a group elements of the periodic table other than Ti and Al is coated 
on a hard member. 

[Means to Solve the Problems] 

The inventor studied crystal orientation of the coating and adhesion 
to the base when a nitride of binary system selected from Ti, 4a, 5 a and 6a 
group elements of the periodic table other than Ti and Al is coated on a 
surface of a cemented carbide material. As a result of the study, the 
inventor has found that there is an optimal crystal orientation plane. 
More specifically, the present invention provides a coated hard member 
prepared by coating a surface of a base material with a carbide, a nitride or 
a carbonitride of binary system or ternary system selected from Ti. 4a. 5a 
and 6a group elements of the periodic table other than Ti and Al by PVD or 
CVD method, characterized in that la value represented by the following 
equation is at least 1.5, where 1(200) and 1(111) represent peak intensity of 
(200) plane and peak intensity of I( 1 1 1) plane, of the X-ray diffraction 
pattern of the coating film: 

Ia = I(200)/I(lll). 
Further, the coated hard member includes a midtilayer of two or more 
layers including said coating layer and a layer selected from a carbide, a 
nitride and a carbonitride of AlN and 4a, 5a and 6a group elements of the 
periodic table. 

[Function] 

Table 1 shows the res\ilt of evaluation of critical load of various 
coatings, evaluated by a scratch tester, where the various coatings were 
prepared to the thickness of 3 pm from various alloy targets, by arc ion 
plating under the condition of middle (50-100 V) and high (150-200 V) bias 
voltage values and a reaction gas (nitrogen) pressure of l(^* Pa. with said 
la values made different. The base used for film formation was a 
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cemented carbide tool having the composition of 84 WC'3TiC-lTiN-3TaC- 
9vol%Co. 



Table 1 



No. 


Film Quality 


Pea^ Intensity 
Ratio 


Oitical Load 
Value (N) 


Bias Voltage 
Value (V) 




1 


(Ti. Al) N 


1.2 


31 


150 


S 


2 


CTi. Zr) N 


0.9 


27 


200 


3 


(Ti. V)N 


1.1 


24 


180 


1 


4 


(Ti, HO N 


0.8 


25 


160 




5 


(Ti. Cr) N 


1.4 


28 


150 




6 


(Ti. Nb)N 


1.0 


21 


190 




7 


(Ti. Al) N 


2.3 


54 


80 




8 


(Ti. Zt) N 


1.6 


50 


90 


1 8 


9 


(Ti, V)N 


2.5 


45 


60 


10 


(Ti. Hfi N 


3.1 


47 


90 


a s 

a. 


11 


(Ti. Cr) N 


2.7 


51 


60 


12 


(Ti. Nb) N 


1.9 


42 


70 



As can be seen from Table 1, the value la = I(200)/I(l 11) can be 
adjusted by the bias voltage value. When the bias voltage value is middle 
and low, ion impact is moderate so that residual compressive stress is low 
and superior adhesion can be attained. When the bias voltage value is 
high, ion impact becomes too large, the residual compressive stress also 
increases and the c^^atmg film tends to be peeled o£f. When the bias 
voltage value is too low to be lower than 50 sufficient ion impact cannot 
be attained, and hence the coating film peels o£f. Therefore, in the arc ion 
plating apparatus used for the study, middle voltage is selected as the 
optimal bias voltage value. 

From the foregoing, it can be imderstood that in any of the coating 
films, when la =I(200)/I(111) exceeds 1.5, the critical load value increases 
and the adhesion improves. Thus, the value la is determined to be at least 
1.5. In addition to the nitride described above, the present invention is 
also applicable to a carbide and a nitrided carbide. Further, the present 
invention is applicable to a carbide, a nitride and a nitrided carbide of 
ternary system selected from Ti, 4a, 5a and 6a group elements of the 
periodic table other than Ti and Al, Further, in the present invention, the 
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Table 2 



No. 


Film 
Thickness \im 


Peak Intensi^ 
Ilatio 


Cutting 
Length (m) 


State of Wear 




1 


3 


1.2 


2.3 


Normal wear 




2 


3 


0.9 


2.1 


// 


§ 


3 


3 


1.1 


1,9 


Abuormal wear 
caused by abrasion 


4 


3 


0.8 


1.7 


;/ 


1 


6 


3 


1.4 


2 2 


II 




6 


3 


1.0 


2.1 


II 


^■1 
II 

a a 

U la 


7 


3 


2.3 


2.9 


Normal wear 


8 


3 


1.6 


3.1 


II 


9 


3 


2.6 


2.7 


II 


10 


3 


3.1 


3.0 


II 


11 


3 


2.7 


2.8 


II 


a 


12 


3 


1.9 


2.7 


n 



As can be seen £rom Table 2, examples 7 to 12 of the present 
invention exhibited superior wear resistance, as each example has the 
cutting lengfth until the maximum wear amount reaches 0.2 mm extended 
longer than the conventional examples. Further, the examples of the 
present invention exhibited superior cutting performance, with less 
chipping than experienced in the conventional examples, as the examples of 
the present invention have superior coating adhesion. 

[E£Eects of the IrtventiorL] 

The coated hard member of the present invention having the coating 
of which intensity ratio la = I(200)/I(lll) of the X-ray diffraction pattern is 
at least 1.5 improves adhesion with the base, and provides superior wear 
resistance and significantly longer'life. 
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